Egusi melon (Colocynthis citrullus lanatus) is a vegetable oil crop commonly grown in West Africa. In this study, four species of melon seeds, Cucumis melo, Citrullus lanatus, Citrullus vulgaris and Lagenaria siceraria, were analysed for fatty acid composition using Gas Chromatography Mass Spectrometry. The lipid profile showed that linoleic acid was the most predominant fatty acid in Lagenaria siceraria having the highest value (73.31%), followed by Citrullus vulgaris (67.79%) while Cucumis melo had 20.51% and none was present in Citrullus lanatus. Lauric acid (6.44), palmitic acid (2.80%), methyl esters of stearic acid (2.14%), palmitic acid methyl ester (21.20%), vaccenic acid (16.66%) and myristic acid (49.91%), which are saturated fatty acids, were found in Citrullus lanatus but were absent in the other melon species. In conclusion, this study showed that egusi Cucumis melo, Citrullus vulgaris and Lagenaria siceraria are rich sources of linoleic acid, an unsaturated fatty acid that is known to reduce the risk of cardiovascular diseases while Citrullus lanatus contain several saturated fatty acids which can increase the risk of cardiovascular diseases.
Introduction
Increasing population of the world has doubled the food demands and inundated the available land resources. Alongside other cheaper food alternatives which have been stressed and recognized by many stakeholders from national governments to international agencies like Food and Agricultural Organization (FAO), vegetable crops are considered cheap source of energy [1, 2] . They are known rich sources of phytochemicals and nutrients such as carbohydrates, carotene, protein, vitamins, ascorbic acid, tannins and palpable concentration of trace minerals which are essential nutrients of life [3] .
Cucurbitaceae, a vegetable family, is a large plant family consisting of nearly 100 genera and 750 species [4] . This plant family, known for its great genetic diversity and widespread adaptation across tropical and subtropical regions, arid deserts and temperate locations [5] , are known for their high protein and oil content. Seeds of cucurbits are sources of oils and protein with about 50% oil and up to 35% protein [6] . Specifically, they are cultivated and consumed world over for these reasons. The family is made up of the following genera: Citrullus (water melon), Cucumeropsis (white melon), Cucumis (sweet melon), Cucurbita (pumpkin), Lagenaria (gourd), Luffa (luffa), Telfaria (fluted pumpkin) and Trichosanthes (snake tomato) [7] . Each genus comprises many species and varieties which are widely grown in Nigeria.
Colocynthis citrullus lanatus ("Egusi" melon) is a creeping vegetable crop commonly grown in West Africa [8] and used as food source, medicinal, Engineering and cosmetics. Economically and socio-culturally, 'egusi' melon seeds are a good source of cash income, household food and gift to relatives [9] and fed-stock for biofuel [10, 11] . While it is a good source of amino acids and minerals [12] , Girgis and Said [13] reported that its unsaturated fatty and linoleic acids suggested possible hypocholesterolemic effect. The seed kernels are found to be rich in unsaturated fatty acids, minerals and proteins [14] . In the South-western part of Nigeria, the kernels could be ground into paste and used in preparing local soup or fried in vegetable oil to produce a melon snack known as 'robo' or fermented into condiment called 'ogiri'. According to Ajibola [15] , oil extracted from the seeds is used for cooking and for producing biscuits, margarines and soaps. The egusi fruit is not eaten because of its hard texture and bitterness. The colour of the seeds usually ranges between cream and yellow and can be of different sizes [16] . Sequel to its significant economic value as a food additive and lack of information on the quality of the essential oils from this plant, four species of melon seeds, Cucumis melo (local name -egusi wewe), Citrullus lanatus (local name -egusi bara), Citrullus vulgaris (local nameegusi serewe) and Lagenaria siceraria (local name -egusi igba), were selected to investigate the fatty acid contents of these commonly consumed egusi seeds in Nigeria.
Citrullus colocyhthis lanatus (Thunb) originated from the western Kalahari region of Namibia and Botswana, where it could still be found in the wild in a diversity of forms together with other Citrullus species. Its cultivation became widespread in Mediterranean Africa, the Middle East and West Asia more than 3000 years ago [17] . In the Republic of Benin, 'egusi' species such as C. lanatus subsp. mucosospermus has a medicinal role. Its sliced young fruit could cure stomach aches while the seed coat in decoction with Eucalyptus (Eucalyptus camaldulensis Dehnh.) roots is a sedative for epilepsy. The roasted seeds, ground with salt and taken with warm water or porridge could prevent vomiting [10] and provide domestic remedy for urinary tract infection, hepatic congestion, intestinal worms and abnormal blood pressure [18] . Burkill [19] reported also that the seed of C. lanatus are used as vermifuge in Senegal while the juice is squeezed from pulp.
"Egusi" (Citrullus colocynthis L.) belongs to the species of the genus Citrullus of cucurbitaceae family, usually consisting of a large number of varieties that are generally known as melons [20] . Typically, C. citrullus has been confused with Citrullus colocynthis. Consequently, the egusi melon has sometimes been considered a common name for C. colocynthis [21] . However, Omotoye [22] indicated that "egusi Bara" is specifically called Citrullus colocynthis but Badifu [23] referred to it as Citrullus lanatus. 'Bara', also known as "egusi papa", has large brown seeds with thick black edges thickened towards the apex, about 16 x 9.5 mm and is common in the northern and western parts of Nigeria [24] . The plant has become naturalised in many drier parts of West Africa [25] .
Egusi 'sewere' or brown-seeded melon, also known as Citrullus vulgaris Schrad [23] , is a trailing herbaceous and annual vine with woody rootstocks. While it is grown widely in the tropic and also in the temperate regions of the world where it requires a lot of heat [26] , its cultivation is simple and the fruits can produce up to 200 -300 seeds per gourd [27] . It is a monoecius plant grown from seeds and creeps with plant population density of 20000 -40000 plants per hectare [26] . It is estimated that one plant can produce up to 10 gourds [28] .
Cucumis melo var. Agrestis Schrad also known in Yoruba as Baara-ekate or egusi wewe [29] is an annual climber growing up to 1.5 m. Stem is generally covered with rough hairs. Leaves are triangular, ovate, 3-5-lobed, and rough with rigid hairs. Leaf stalk is 1 -6 cm long. The fruits have a bitter flavour and can be used as a cooling light cleanser or moisturizer for the skin and also as first-aid treatment for burns and abrasions [19] . The seeds are used as a vermifuge in Senegal and juice squeezed from pulp roasted in fire-ash is drunk in Southern Nigeria as an anthelmintic agent [30] . Their strengthening and diuretic properties are recognized in India while their beneficial uses in acute cystitis and capacity to lower the blood pressure have also been recorded [31] .
Lagenaria siceraria (Mol.) Standley, also known as bottle gourd, egusi igba and/or calabash gourd, is an annual plant with alternate leaves and climbing or creeping on the soil. Fruits are large and vary, up to 800 x 1200 mm, subglobose to cylindrical, flask-shaped or globose with a constriction above the middle, fleshy, densely hairy to ultimately glabrous, indehiscent, green, maturing yellowish or pale brown. The pulp dries out completely on ripening, leaving a thick, hard, hollow shell with almost nothing inside except the seeds.
Although several studies have reported predominantly high linoleic acid content in egusi melon seed oils [32, 33] , specific species of "egusi" used in these studies are rarely mentioned. Since there is a dearth of information on the chemical composition of the oil from these species of "egusi" and there is a need to associate their nutritive values and nutritional composition with their economic importance, this study was designed to identify and quantify the essential the fatty acid compositions of four different species of selected "egusi" melon seeds.
Materials and methods
Four species of unshelled egusi melon seeds were purchased from different markets in South-Western part of Nigeria. The species were Citrullus lanatus (egusi bara), Citrullus vulgaris (egusi sewere), Lagenaria siseraria (egusi igba) and Cucumis melo (egusi wewe). The melon seeds were shelled, pulverized and stored in labeled air-tight containers prior analysis.
Oil Extraction
One hundred gram of each of the melon seeds was mashed into smaller pieces and placed inside a thimble made from thick filter paper. This was then loaded into the main chamber of the Soxhlet extractor. The extraction solvent used was petroleum ether. The solvent was heated to reflux at 100 °C for 5 -10 h. After the extraction, the samples were left under fume hood for 1 h to make sure all the petroleum ether in the crude oil was completely dried off.
Gas Chromatography-Mass Spectrometric (GC-MS) analyses
The GC-MS analysis was carried out at the University of Lagos, Akoka, Lagos state, Nigeria. The GC-MS analysis were carried out using Gas chromatograph interfaced to a mass spectrometer GC-MS-QP 2010 Plus Shimadzu system (GC-MS) employing the following conditions: Column Elite-1 fused silica capillary column (30 m x 0.25 mm 1D x μl df, composed of 100% dimethyl polysiloxane). For GC-MS detection, an electron ionization system with ionization energy of 70eV was used. Helium gas (99.999%) was used as the carrier gas at constant flow rate of 1 ml/min and an injection volume of 2 μl was employed (Split ratio of 10:1) injector temperature -250 o C; ion-source temperature 280 o C. The oven temperature was programmed from 110 o C (Isothermal for 2 min) with an increase of 10 o C/min to 200 o C then 5 o C/min to 280 o C/min, ending with a 9 min isothermal at 280 o C. Mass spectra were taken at 70 eV; a scan interval of 0.5 s and fragments from 40 to 550Da. Total GC running time was 36 min. The relative percentage amount of each component was calculated by comparing its average peak area to the total areas. Software adopted to handle mass spectra and chromatogram was a turbomass.
Identification of Components
The mass spectrum of GC-MS was interpreted using the database of National Institute of Standard and Technology (NIST) having more than 62,000 patterns by comparing the mass spectrum of the unknown components with those of the known elements stored in the NIST library. The name, molecular weight and chemical structure of the test material were ascertained.
Results
From Figure 1 showing the chromatogram of Citrullus vulgaris, 14 different compounds were identified by the GC-MS analysis as shown in Table 1 . Of the different chemical compounds identified, the saturated fatty acid present in egusi sample included palmitic acid (2.01%), the saturated fatty acid derivatives included palmitic acid ethyl ester (2.89%) and pentadecanoic acid -14-methyl-, methyl ester (0.40%). The most abundant unsaturated fatty acids were linoleic acid (67.79%) and ethyl Oleate (4.35%). The percentage of unsaturated (88.09%) was higher than that of saturated (5.72%) fatty acids as shown in Table 2 . Table 3 . Of these chemical compounds, two fatty acids including Hexadecanoic acid ethyl ester and 9,12-Octadecadienoic acid were identified. 9,12-Octadecadienoic acid was the highest quantity of fatty acid in Lagenaria siceraria as shown in Table 4 .
Figure 1 Chromatogram from GC-MS analysis of
From Figure 3 showing the mass spectra of the compounds present in Cucumis melo, 24 compounds were identified to be present in Cucumis melo as shown in Table 5 . Of these compounds, the predominant fatty acid is Linoleic acid (15.17%) and its esters which are essential fatty acids. The Cucumis melo was found to be very low in palmitic acid (1.09%), which is a saturated fatty acid. Thus, the unsaturated fatty acid (22.90%) was higher than the saturated fatty acid (1.65%) in this species of egusi as shown in Table 6 while the organic compounds in Cucumis melo is presented in Table 7 . In addition to its fatty acid, Cucumis melo has a number of volatile organic compounds contributing to the aroma of the melon seed. The volatile compounds include hemelitol, hemimellitene, o-cymene, undecane, durene, dodecane and tetradecane as shown in Table 7 .
In Citrullus lanatus, six saturated fatty acids and two organic compounds were found to be present as shown in Table  8 . Of these saturated fatty acids, methyl tetradecanoate (41.91%) was the highest quantitatively. This acid was followed by methyl esters of hexadecanoic acid (21.20%) and 11-Octadecenoic acid (16.66%). While other fatty acids found in Citrullus lanatus were present in varied quantity, n-Hexadecanoic acid (2.80%) was the least saturated fatty acid in terms of quantity. The identified organic compounds were Bis-(2-ethylhexyl)-phthalate (6.58%) and 1-Octadecene (2.27%) present in varied quantity. Table 9 shows the fatty acid content of Citrullus lanatus. Six saturated fatty acids were identified. The predominant saturated fatty acid was myristic acid methyl ester (49.91%) while palmitic acid methyl ester was 21.20%. Other fatty acids were vaccenic acid methyl ester (16.66%), lauric acid (6.44%), stearic acid methyl ester (2.14%) and palmitic acid (2.80%).
As shown in Table 10 
Figure 2 Chromatogram from GC-MS analysis of Lagenaria siceraria oil

Discussion
Vegetable oils have an important functional and sensory role in food products because of their fatty acids composition and the fat-soluble vitamins (A, D, E, and K). They are also sources of energy and essential fatty acids like linoleic and linolenic that are responsible for growth and the health of organisms [34] . Oil that contains fatty acids with short chain have lower melting point and are more soluble in water. Whereas, the oils that contain fatty acids with longer chain have higher melting points. Unsaturated acids will have a lower melting point compared to saturated fatty acids of similar chain length [35] . From the gas chromatography mass spectrometry result, Lagenaria siceraria has the highest percentage composition of linoleic acid (73.31%), followed by Citrullus vulgaris (67.79%) and Cucumis melo having the lowest composition of linoleic acid (20.51%) while none was found in Citrullus lanatus. The linoleic acid value for Lagenaria siceraria (73.31%) was higher than was obtained from melon seeds by Olaofe et al. [36] which was (67.7%) but similar to 67.79% obtained for Citrullus vulgaris.
Linoleic acid, found in the lipids of cell membranes and abundant in many vegetable oils, poppy seed, safflower, sunflower and corn oils [37] , is a polyunsaturated fatty acid used in the biosynthesis of arachidonic acid sitting at the head of the "arachidonic acid cascade" that controls a wide array of bodily functions especially those involving inflammation and the central nervous system [38] . In fatty acid metabolism, linoleic acid is metabolized to gammalinoleic acid and subsequently arachidonic acid (AA). Α-linoleic acid is metabolized to both eicosapentaenoic acid and docosahexaenoic acid [39] . Eicosapentaenoic acid and docosahexaenoic acid are metabolized by the body into eicosanoids and ultimately become the prostaglandins which affect such varied functions as blood clotting, inflammation response, and immunoregulation [40] .
With respect to modern diets, the amount of linoleic acid consumed has increased exceptionally in the past 100 to 150 years [39] . While linoleic acid has the ability to reduce the risk of cardiovascular heart diseases by lowering blood cholesterol levels, it is used to reduce mastalgia (menstrual pain) and oleic acid could act as an anti-allergic agent [41] . That Linoleic acid ester was present in Cucumis melo (4.41%) and Citrullus vulgaris (12.75%) but not in Lagenaria siceraria and Citrullus lanatus indicated that more of Cucumis melo and Citrullus vulgaris should be consumed. As physiological conditions can inhibit the conversion process of linoleic acid and α-linoleic acid to the other essential Omega-3 and Omega-6 fatty acids, Cucumis melo and Citrullus vulgaris could be alternative sources of linoleic acid which is one of the three essential fatty acids [42] .
Although Lagenaria siceraria is composed of 16.86% of 2,4-decadienal, Citrullus vulgaris contained 0.30% of this compound not found in Cucumis melo. 2, 4-decadienal is an aromatic substance with deep fat flavour. While 2,4-decadienal is generated from polyunsaturated fatty acids by the action of plant lipoxygenases and used as a synthetic flavoring and fragrance material, its presence in higher percentage in Lagenaria siceraria, not commonly consumed, may boost its economic value and enhance its use as a food condiment over and above other types of melons. Shi and Ho [43] and Mottram [44] indicated that 2,4-decadienal is responsible for the inviting aroma of deep-fat-fried food.
In a descending order, palmitic acid esters were present in Citrullus lanatus (21.20%), Citrullus vulgaris (2.89%), Cucumis melo (1.09%) and Lagenaria siceraria (0.63%). Palmitic acid is one of the most common saturated fatty acids which can increase unhealthy low density lipoprotein (LDL) cholesterol levels [45] . Being one of the most prevalent saturated fatty acids in body lipids, it could constitute a major risk factor for heart attacks and strokes. Diets high in saturated fatty acids increase the production of acetate fragments in the body which, in turn, leads to an increase in the production of cholesterol. When consumed, saturated fats tend to clump together and form deposits in the body, along with protein and cholesterol. They get lodged in blood cells and organs, leading to many health problems, including obesity, heart diseases and cancers of the breast and colon. However, since the dietary effects of high-fat diet, mainly in saturated fatty acids, have been focused on the reduction of cardiovascular diseases [46, 47] , obesity-related diseases and, recently, cancer prevention [48] , consuming Cucumis melo, Citrullus vulgaris and Lagenaria siceraria having very low levels of saturated fatty acid compared to unsaturated fatty acids and less of Citrullus lanatus having high levels of saturated fatty acids would be of significant benefit. Oluba et al. [49] , also, reported that egusi oil could improve serum and liver lipid profiles and offer better protection against resultant lipid peroxides from consumption of high fat diet.
Esters are derived from carboxylic acids. They are mostly formed from the esterification of alcohols with fatty acids during the fermentation process [50] to produce attractive aroma. The esters are presumably the consequence of chemical reactions, possibly catalysed by microbial esterases [51] , between microbial acidic and alcoholic metabolites [52] . Methyl tetradecanoate (myristic acid methyl ester) was present in high amount (41.91%) in Citrullus lanatus. Lauric acid (6.44%), which is the main antiviral and antibacterial substance found in human breast milk [53] , was found in Citrullus lanatus. It has inhibitory effect against skin bacteria such as Propioibacterium acne [54] , lipid-coated RNA and DNA viruses, numerous pathogenic Gram-positive bacteria and various pathogenic protozoa. n-Hexadecanoic acid was present in Citrullus vulgaris (2.01%) and Citrullus lanatus (2.80%) in low quantity. Hexadecanoic acid methyl ester, also known as methyl palmitate, is an aliphatic acid ester reported to cause growth inhibition and apoptosis induction in human gastric cancer cells [55] . It has been found to increase total serum cholesterol than any other fatty acids [56] . Hexadecanoic acid may also act as antimicrobial and antidarrheal agent.
Conclusion
In conclusion, the lipid profile shows that Cucumis melo, Citrullus vulgaris and Lagenaria siceraria contain high amounts of linoleic acid, an unsaturated fatty acid, which has been known to reduce the risk of cardiovascular diseases. Thus, consumption of these melon seeds will reduce the risk of cardiovascular heart diseases that has become a menace to the society. Therefore, farmers should be encouraged to grow more of these melon seeds so that they can be made available to industries for oil extraction just as soya beans and groundnut seeds are extracted for their oil and sold for human consumption. The consumption of Citrullus lanatus should be reduced as it is found to contain higher saturated fatty acids and esters able to raise blood cholesterol and increase the risk of heart diseases.
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